176                              ON THE THEORY OF THE INDICATOR.
The area is diminished by
and putting im = area y-.
D 0'
Fig. 7.
The effect/ on pm or pm = im+/, is given by
.(7).
It is thus seen that / increases with the expansion and compression, and
is zero when these are zero.
This effect of the friction of the drum appears to be so important, and to have been so entirely unperceived, that it may be well to introduce a short discussion of the circumstances on which it depends, and on its effects.
The circumstances are the elasticity of the cord and the friction of the
drum, and the important question is, how far these exist in the ordinary indicators ? In answer to this, it may be said that the diagrams, which led to the discovery of this effect, were taken with an indicator which had been in constant use for several years. It was in apparently perfect condition, and the diagrams did not differ essentially from those which had been previously taken. The cord was one which was supplied by the maker. The manner of the discovery was as follows: For years the Author had pursued in the class the method of testing the vibrations of the indicator-pencil by projecting them on to the crank-circle, as shown in Fig. 1, and he had all along noticed that the first oscillation fell short, and shorter in the back-diagram than the front. The cause of this was not obvious, as there seemed to be several possible explanations, and it was partly with a view to determine this cause that Mr Brightmore's investigation was commenced. A slight error in the reducing-rod, which had a fixed centre and a slot in which a stud in the slide-block worked, was altered at Mr Brightmore's